A factor present in normal rabbit sera enhanced the neutralization of the infectious complex of poliovirus with the pepsin Fab' fragment of rabbit immunoglobulin G (IgG) antibody but showed no activity for the infectious complex of the same virus with IgG antibody. The factor was associated with IgG, and its activity was inhibited by the pepsin Fab' fragment of normal rabbit IgG. The data suggest that the enhancing factor belongs to naturally occurring antiglobulin to the homologous Fab' fragment (pepsin homoreactant).
The enhancement of the virus-neutralizing effect of specific antibody by heterologous antiglobulin antibody has been demonstrated by many authors (3, 4, 13, 18, 19, 23, 31) . It has been also shown that the rheumatoid factor absorbed upon the infectious complex of virus and immunoglobulin G (IgG) antibodies leads to virus neutralization in the presence of complement (18) . However, the role of other antiglobulin factors in the enhancement of virus neutralization has not yet been investigated.
The present study was aimed at elucidating whether antiglobulin factors specific to Fab fragments of IgG (homoreactants or agglutinators) could enhance the neutralization of the infectious complex formed by virus and Fab' fragments of antiviral antibodies. This is of special interest since: (i) homoreactants have been found in most normal human, primate, rabbit, and mouse sera (12, 14, 16, 20, 24 (2, 8, 10, 28) and could be revealed in serum and different cells (6, 12, 26, 28) ; (iii) in contrast to intact antibodies, the Fab fragments possess considerably lower virus-neutralizing activity (7, 21, 22, 27, 29, 31) ; and (iv) virus-Fab antibody complexes retain residual infectious activity that cannot be eliminated by the addition of intact antibodies (11, 18, 22) .
The experimental results indicated that rabbit homoreactants to the pepsin Fab' fragment of homologous IgG possessed the ability to enhance neutralization of the infectious complex of poliovirus with the pepsin Fab' antibody fragment. The activity of the factor was abolished by the Fab' fragment of normal rabbit IgG. (17) . The Fab' fragment was isolated by ion-exchange chromatography on carboxymethylcellulose CM 32 (Whatman) in 0.01 M acetate, pH 5.8 (15) . Nondigested IgG was eliminated by gel filtration of the Fab' fragment through a Sephadex G-200 (Pharmacia) column. The 3.5S peak was collected and concentrated by ultrafiltration using a PM 10 Amicon membrane filter. The preparation did not react in Ouchterlony tests with goat antibody against the Fc portion of rabbit IgG molecule but formed a precipitin line with donkey anti-rabbit IgG and showed partial identity with rabbit IgG.
MATERIALS AND METHODS

Virus
Adsorption of the IgG from rabbit serum by immunosorbent. Goat anti-rabbit Fc antibodies were coupled to cyanogen bromide-activated Sepharose 2B (Pharmacia) as described by Cuatrecasas (1) . The immunosorbent bound 0.9 mg of rabbit IgG per ml of Sepharose immunosorbent beads. Forty milliliters of the immunosorbent was packed into the column, and 3 ml of normal rabbit serum (diluted twofold with saline) was passed through the column. The eluate was concentrated to the initial volume by ultrafiltration. In Ouchterlony tests the serum absorbed onto the immunosorbent did not contain detectable amounts of rabbit IgG.
Assay of virus neutralization in the infectious complex by normal sera and gamma globulin preparations. The infectious complex was prepared by incubation of the virus (60 to 100 plaque-forming units) at 37 C for 90 min, using amounts of the antibody or the antibody Fab' fragment that produced 40 to 70% inhibition of the virus activity. The formation of the infectious complex was verified by the disappearance of the virus activity after addition of anti-rabbit IgG serum. Normal rabbit serum or purified normal rabbit IgG was incubated for 60 min at 37 C with the virus that had been pretreated with the antibody or antibody Fab' fragment. The neutralizing activity of the serum or IgG preparation was expressed in terms of minimal amount of the preparation causing 50% inhibition of the infectious complex activity.
Determination of homoreactant to the pepsin Fab' fragment. The passive hemagglutination technique was applied. Sheep erythrocytes (10') were suspended in 2 ml of phosphate-buffered saline, pH 7.2, containing 12 mg of the Fab' fragment of normal rabbit IgG, and then 0.1 ml of 2.5% glutaraldehyde (Merck) was added. The mixture was incubated for 1 h at room temperature with occasional stirring. The erythrocytes were washed three times with phosphate-buffered saline and finally suspended in 1 ml of the same buffer. The serum tested for the pepsin homoreactant was inactivated at 56 C and absorbed with sheep erythrocytes. To 0.2 ml of twofold serial dilutions of serum or IgG preparation, 0.025 ml of sensitized erythrocyte suspension was added and the hemagglutination titer was read macroscopically after incubation of the samples for 6 h at room temperature.
RESULTS
Preliminary experiments showed that the infectious activity of the immune complex formed by poliovirus with the Fab' fragment of antiviral antibody could be efficiently neutralized after incubation with certain normal rabbit sera. The active sera did not contain any appreciable amount of antipoliovirus antibodies and/or natural antiviral inhibitors since they failed to affect the infectious activity of the poliovirus alone or poliovirus treated with the Fab' fragment of normal rabbit IgG ( Table  1) .
The effect of normal rabbit sera cannot be ascribed to factors influencing tissue culture cells because the cells that had been pretreated with active serum for 1 to 3 h and then washed with phosphate-buffered saline could be infected by the virus-Fab' fragment complex.
The neutralizing activity of normal rabbit serum was due to a factor capable of reacting with the Fab' fragment of rabbit IgG. This was supported by the fact that preincubation of the serum with the Fab' fragment of normal rabbit IgG abolished its ability to neutralize the infectious complex formed with the Fab' fragment of the antibody (Table 2 ).
An attempt was made to elucidate the nature of the neutralizing factor. It was found in the fraction of serum proteins precipitated by ammonium sulfate at 35% saturation. Purified rabbit IgG isolated from this fraction by ionexchange chromatography on diethylaminoethyl-Sephadex also manifested neutralizing activity. It seems reasonable to assume that "For legend see Table 1 . bPFU, Plaque-forming units.
the active factor is closely related to normal rabbit IgG. It was also found that a commercial preparation of rabbit gamma globulin (Serva) contained the neutralizing factor. By contrast, a commercial preparation of rabbit serum albumin (Calbiochem) lacked neutralizing properties. When rabbit serum exhibiting neutralizing activity was depleted of IgG by using antirabbit Fc immunosorbent, the serum failed to neutralize the infectious complex (Table 2 ). These data indicate that the serum neutralizing factor is associated with IgG and demonstrates specificity to the Fab' fragment of homologous IgG. Both these properties are characteristic of the homoreactants (9, 14, 16, 20, 24) . The determination of the titers of homoreactant to the pepsin Fab' fragment in individual sera of normal rabbits possessing neutralizing activity or devoid of it provides evidence along these lines (Table 3 ). There was a correlation between the neutralizing activity and the presence of pepsin homoreactant in the serum (Table 3) .
The comparative data on the presence of the neutralizing factor in individual rabbit and other animal sera are given in Table 4 . The factor was found in approximately half of all the rabbit and rhesus monkey sera examined. Sera from mice, cotton rats, and C. aethiops monkeys showed no neutralization. That does not mean, however, that the sera of these animals do not contain antiglobulin factor reacting with the Fab' fragment of homologous IgG. DISCUSSION Data presented in this paper indicate that normal rabbit and rhesus monkey sera contain a factor possessing the ability to neutralize the infectious complex formed by poliovirus and the pepsin Fab' fragment of antiviral antibody. The factor is associated with IgG, and its activity can be blocked by the pepsin Fab' fragment of normal rabbit IgG. The factor does not affect the infectious activity of poliovirus alone or of the infectious complex of poliovirus with rabbit IgG antibody. In addition, only the rabbit sera containing the homoreactant to the pepsin Fab' fragment of rabbit IgG demonstrate the neutralizing activity. All these data suggest that the pepsin homoreactant is responsible for the neutralization of the infectious complex.
Homoreactants (also referred to as agglutinators) are naturally occurring antiglobulin factors directed to sites exposed on the Fab' fragment after cleavages of the IgG by various proteolytic enzymes. They have been found in the fraction of serum IgG of normal rabbits (14, 24) , humans (12, 20) (2, 8, 10, 28) and may persist in circulation (6, 12, 26) , it may be assumed that the homoreactants act as a circulating clearance system responsible for the removal of the immune complex formed by the Fab-like antibody fragment. This may be one of the impor- (25) .
The ability of the homoreactant to restore biological activity of the antibody Fab fragment may be expressed also by the more efficient neutralization of the infectious or toxic complexes of microorganisms with the Fab fragment of specific antibodies. The experimental data presented in this paper are in good agreement with this hypothesis.
Since the homoreactants may be involved in the process of neutralization and rapid elimination of viruses in immune organisms, the efficiency of antiviral immunity may depend on the level of these antiglobulin factors. The homoreactant levels may vary significantly in different cases of human pathology (30) . Therefore it is especially intriguing to clarify the relationship between the homoreactant level and the course of virus infection.
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